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Abstract 
LIBS is used for fast, multi-component analysis of element compositions, but it is not very suitable for liquids. 
Moreover the sensitivity for metal ions is often insufficient. A fast and sensitive detection tool for metal ions in food 
matrices, including aqueous solutions, is developed. The principle of operation of LIBS is that a small amount of 
sample is ablated by an intense laser pulse creating a plasma in which the elements will emit at defined wavelengths. 
Possible food applications of this technique have been investigated, such as determining the authenticity of food 
products and the detection of contaminants or health promoting elements. The chelating capacity of three types of 
chelators immobilized on different surfaces or devices is used for enrichment of metal ions in aqueous media, 
including saliva, followed by a selective detection with LIBS. The highest sensitivity has been obtained for imino 
diacetate ligands, resulting in a detection limit for zinc of 0.35 µg. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Laser induced breakdown spectroscopy (LIBS) is a fast technique for multi-element analysis that 
requires minimal sample preparation and it can be used in field applications or even in in-line 
applications. The principle is based on the ablation of a small amount of sample by an intense laser pulse 
creating a radiative plasma displaying the emissions of the various elements. However, most of the 
applications of LIBS so far have been for solid matrices, not for aqueous solution. The reason is that 
plasma is quenched by water. For LIBS analysis in aqueous solutions, instrumental solutions have been 
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investigated such as double-pulse techniques [1, 2]. These solutions result in complex instrumentation that 
is less suitable for field applications. 
The use of ion exchange membranes to capture metal ions prior to analysis with LIBS is described in 
[3, 4], where the chelating agent imino diacetate is used. As the association constants of the formed 
complexes is typically very high, all of the metal content in the incubation volume can be concentrated on 
the ion exchange membrane. The use of the current ion exchange membranes is limited to those that can 
be obtained commercially, like the Empore™ extraction discs from 3M, with imino diacetate functions. In 
this paper more chelating groups are investigated in combination with LIBS as well as other designs for 
the extraction devices, such as pellets from pressed beads, functionalized polystyrene surfaces in well 
plates and glass slides. 
In this paper, the feasibility of a fast and sensitive detection tool for heavy metal ions relevant for food 
matrices has been investigated. For certain metals trace amounts are required to maintain normal body 
functions, whereas some others are regarded as toxic for humans.  
2. Experimental 
2.1  Surface modification 
All chemicals were purchased at Sigma-Aldrich 
Well plates.  Amine functionalised 6-well plates were purchased at BD Biosciences. 
Stock solutions of nitrilotriacetic acid for imino diacetate (IDA), N,N-bis(phosphonomethyl)glycine for 
imino diphosphonate (IDP) (0.7 mmol) with ethyl(dimethylaminopropyl) carbodiimide (EDC) (3.6 mmol) 
and N-hydroxysuccinimide (0.9 mmol) were prepared  in 18 ml 0.1 M MES buffer (pH5.2) and stirred for 
2 hours. 3 ml of stock solution was added per well, containing 6 ml 0.5 M borate buffer pH 7.8. After 4 
hours the well plates were rinsed with demineralised water and dried. 
Glass slides. The glass slides were treated in batches of 18 pieces in a histology staining holder. The 
glass slides were cleaned  in 20(v/v)% HCl in ethanol for 2 hours, and subsequently rinsed with dry 
toluene. The glass slides were silanized with (3-aminopropyl)triethoxysilane (10(v/v)%  in dry toluene). 
After rinsing in toluene, the glass slides were dried in a nitrogen gas stream. 
Nitrilotriacetic acid for IDA and N,N-bis(phosphonomethyl)glycine for IDP (1.6 mmol), were 
activated in 20 ml 0.1 M MES buffer (pH5.2) with ethyl(dimethylaminopropyl) carbodiimide (3.2 mmol) 
and N-hydroxysuccinimide (3.2 mmol) for 2 hours and added to the glass slides in 200 ml 0.5 M borate 
buffer pH 7.8. After 4 hours the glass slides were rinsed with demineralised water and dried. The 
thiacrownether (copper II ionophore V) was activated in DMF for solubility reasons. 
Dicyclohexylcarbodiimide (DCC) was used instead of EDC. 
2.2. Instrumentation and method 
The LIBS instrument used is a AvaLIBS-100 equipped with a Nd:YAG laser (1024 nm), 100 mJ/pulse 
and a maximum repetition rate of 20 Hz. Emission spectra are analysed by 4 spectrometers over the 
wavelength region 230 – 960 nm. A delay of 150 µsec is used in combination with a gated detection.
The method of operation consists of a short incubation period, typically in a volume of 5-20ml, 
followed by shaking off the liquid and analysing the surface with LIBS (line scan, averaging 20 shots).  
3. Results and discussion 
 Commercially available chelating groups on polystyrene beads, applicable for a wide range of metal 
ions, Duolite C467 and Amberlite IRC748, have been tested. These functionalized polystyrene beads 
were enriched, pressed into a pellet and subsequently analysed by LIBS. These results were compared to 
those obtained with functionalized surfaces, e.g. in well plates. The advantage of the well plate concept is 
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that simple coupling chemistry allows the choice of a wide range of possible chelating ligands tailor made 
for a certain metal ion. The selectivity with imino diacetate of imino diphosponate chelating groups in 
both the beads and the well plates is primarily obtained by the LIBS technology, as these are broad 
spectrum chelators. Next, the feasibility of a selective chelator, immobilized on functionalized glass 
surfaces has been investigated. A no-saturation condition is used in all experiments. The analyte 
concentrations are below the total depletion condition of the chelating surfaces. 
3.1.  Results with broad spectrum chelators 
Four different configurations were tested; imino diacetate and imino diphosphonate on beads (styrene-
vinylbenzene) and well plates (polystyrene). As the pH determines both the solubility of the specific 
analyte and the binding constant of the chelating ligand, first  the pH during incubation was optimized for 
both chelating ligands. For both ligands with zinc the optimum pH was approximately 10.5. 
Figure 1. Calibrion curves for Zn on beads and well plates; imino diacetate on beads (O), imino diphosphonate on beads (), imino 
diacetate on well plates (¡) and imino diphosphonate on well plates (∇). 
Calibration curves were recorded for zinc, using the emission line at 481.01 nm (Figure 1). The 
detection limit for zinc with IDA pellets was approximately 0.35 μg and with IDP pellets approximately 
1µg. The concentration in saliva, typically 0.25 ppm, was determined in this way as 0.4 ppm. Although 
these chelating agents are considered to associate with a wide range of metal ions, the influence of 
calcium in these samples was found to be negligible, showing their selectivity towards heavy metal ions. 
Various other metal ions were screened using the concept of the functionalized surfaces in the well 
plates. An example is shown in Figure 2 displaying the LIBS spectrum of a vitamin pill extract. Although 
the sensitivity is less as compared to the beads, the mode of operation with the well plates is a lot simpler 
and more straightforward as compared to the beads. 
Figure 2. Example of a multicomponent analysis; LIBS spectrum of a vitamin pill extract. 
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3.2.  Results with selective chelators 
For ion selective electrodes (ISE’s) so-called ionophores are applied in a polymeric coating to 
selectively detect heavy metal ions. In this research we tested a well-known ionophore, a thio crown 
ether, being as a selective chelator for both Cu2+ and Ag+ [5], is in this case immobilized on glass. For this 
particular ionophore the selectivity for Cu vs. Zn in a ISE, logKCu-Zn, is about -4.8 [5] and logKCu-Ag is 
about 1. It has to be noted that the plasticizer used in the ISE also contributes to the selectivity coefficient.  
In case of LIBS the selectivity coefficient will represent the ratio of the overall responses, including 
the sensitivity of LIBS for the different metals and the chelating properties. Preliminary results show that 
the thio crownether on glass under neutral pH conditions is indeed sensitive to Ag+ (Figure 3) and that the 
sensitivity towards Zn is much less. Although not optimized yet, a detection limit of approximately 0.05 
µM. can be obtained for Ag+. More chelators will be tested in this approach in the near future.  
Figure 3. Calibration curve for Ag with the thio crownether chelator on glass. 
4. Conclusions 
A new concept was developed for fast analysis of aqueous samples and other liquids with LIBS based 
on enrichment by chelation on functionalized surfaces. Advantages of this approach are that it is a rapid 
method for multicomponent analysis in complex matrices, using minimal sample pre-treatment. 
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